Amyotrophic Lateral Sclerosis (ALS) is a progressive degenerative disease of the motor neurons and the cause is unknown. Diverse factors such as genetic defects, nutritional deficiencies, head trauma, environmental toxin, autoimmune responses and viral and bacterial infections are involved. Mycoplasmas have been implicated as causal agents of different illnesses in human. The purpose of this study was to investigate the presence of mycoplasmas in the bloodstream of patients with ALS. Patients with ALS and healthy individuals were included in the study. A blood sample was taken in tubes with or without anticoagulant. Mycoplasmas were detected by culture or direct PCR, and the presence of antibodies IgM and IgG against LAMPs of these microorganisms by Western blot. Cultures for aerobic facultative bacteria were also done. Blood samples from 13 patients and 44 healthy individuals were screened. All blood cultures for non-fermentative mycoplasmas and aerobic facultative bacteria were negative. Cultures for fermentative mycoplasmas were considered positive after identification of mycoplasmal DNA by PCR. Mycoplasma sp. was detected by culture or direct PCR in 6/13 (46%) patients and in 4/44 (9%) of healthy individuals. M. fermentans was detected by PCR using specific primers in six patients and in two healthy individuals. IgM against LAMPs of M. fermentans were detected in 6/13 (46%) blood samples from patients and in 13/44 (30%) from healthy individuals, while. IgG was detected in 4/13 (31%) patients and in 3/44 (7%) healthy individuals. The results of this study show that mycoplasmas cause a systemic infection and could play a role in the origin or progression of the ALS.
Introduction
Amyotrophic lateral sclerosis (ALS) or Lou Gehrig's disease is a neurodegenerative disease affecting central and peripheral motor neurons. The main features of ALS are gradual progressive weakness and paralysis of muscles due to destruction of upper motor neurons in the motor cortex and lower motor neurons in brain stem and spinal cord, these affectations resulting in death. Clinical, pathological and genetic studies indicate that ALS should be considered a syndrome rather than a single disease entity. Clinical presentation and progression of ALS varies considerably, the course is progressive, and over 60% of patients die within 3 years of presentation and up to 10% survive for more than 8 years. However, clinical picture of ALS can vary, depending on the location and progression of pathological changes found in nervous tissue [1] [2] . ALS diagnosis is complicated due to variability of the signs and symptoms of the disease. The first guidelines were established in the "El Escorial", but only with research and clinical purposes, the importance of the laboratory was included in the Airlie House criteria and the role of neurophysiology diagnostic was included in the Awaji-Shima criteria, so the diagnosis of ALS involve clinical and electrophysiological tests [3] . Epidemiological studies in ALS have been complicated, because several factors are unknown, for example: date of disease onset, duration between onset of pathological changes and manifestation of clinical disease, however, rigorous designs of epidemiological studies have provided evidences in support to understand causative mechanisms of ALS. The risk of developing ALS peaks between the ages of 50 years and 75 years [1] . Incidence of ALS in people worldwide is not known, but men had higher incidence than women (3 to 2.4 per 100,000), before the age of 65, slightly more men than women develop ALS. This sex difference disappears after age 70 [4] [5] . In 90 to 95 percent of all ALS cases, the disease apparently occurs at random with no clear risk factors. Individuals with this sporadic form of the disease do not have a family history of ALS, and their family members are not considered to be at increased risk for developing it. On the other hand, 5 to 10 percent of all ALS cases are inherited. The familial form of ALS usually results from a pattern of inheritance that requires only one parent to carry the gene responsible for the disease. Mutations in more than a dozen genes have been found to cause familial ALS [5] . Diverse factors such as genetic mutations such as gene mutations implicated in defects in protein recycling, nutritional deficiencies, head trauma, environmental toxin, autoimmune responses and viral and bacterial infections may be involved. Enterovirus, Chlamydia pneumoniae, Borrelia burgdorferi, HIV, HTLV-1 and mycoplasmas have been implicated. Mycoplasmas are considered causal agents of respiratory, genitourinary, neurodegenerative diseases, they also have been associated with Gulf War syndrome and rheumatoid arthritis and in acquired immunodeficiency syndrome. Systemic mycoplasmal infections in ALS patients have been documented [6] - [9] .
Objective
The purpose of this study was to detect a systemic infection due to mycoplasmas in patients with ALS.
Materials and Methods

Patients
Thirteen patients (4 female and 9 males) with diagnostic of ALS who attended the Neurology Service of the Hospital Manuel Avila Camacho del Instituto Mexicano del Seguro Social in Puebla, México were included in the study. A Neurologist examined the patients and all of them fulfilled "El Escorial" criteria modified by the World Federation of Neurology [3] . The patients' ages ranged between 52 -74 years old.
Healthy Individuals
Forty-four healthy individuals (19 females and 25 males) without ALS, Parkinson disease, AIDS or other neurodegenerative disease were included in the study. Ages in the healthy individuals ranged between 22 and 60 years old. No healthy individuals were under antibiotic or other drug treatment.
Ethics
The Ethical Committee on Health of the Centro Médico Nacional Manuel Avila Camacho, Puebla, approved this study (reg. 2101) and a consent letter was signed from all individuals.
Specimens
Peripheral whole blood samples from patients and healthy individuals were collected in order to detect mycoplasmas by culture and direct PCR. Antibodies specific to M. fermentans were also investigated by Western blot assay. Blood samples were collected in citrate-containing or non-anticoagulant tubes. Sera were stored at −20˚C until use.
Mycoplasmal Culture
One hundred microliters of plasma of patients and healthy individuals were dip-inoculated in 900 µL of two different media: SP4 medium with glucose and SP4 medium with arginine, in order to isolate fermentative and non-fermentative mycoplasmas respectively. An SP4 tube with each medium was incubated as control. Three serial ten-fold dilutions were incubated at 37˚C until the indicator phenol red changed to yellow for fermentative mycoplasmas or red for non-fermentative, which indicate mycoplasma growth, on the other hand, cultures were considered negative when the indicator did not change after 30 days for M. pneumoniae and M. fermentans and 4 days for M. hominis. Control cultures were prepared as follows: one hundred microliters of M. fermentans PG18, M. pneumoniae Eaton strain and M. hominis were dip-inoculated into 900 µL of plasma, and three serial ten-fold dilutions were done into SP4 media with glucose or arginine and incubated at 37˚C for 48 hours or until the indicator changed showing mycoplasma growth. Likewise, one hundred microliters of each reference strains were dip-inoculated into 900 µL of the SP4 media with the respective substrate. Dilutions are done when tissues or corporal fluids are cultivated, because some inhibitory substances for mycoplasmas may be present. Positive mycoplasma cultures were confirmed using the PCR technique. All the blood samples were cultured on blood agar plates to detect aerobic facultative bacteria.
DNA Extraction from Blood Samples
Red blood cells (2.5 mL) were lysed with nanopure water (10 mL) at room temperature and centrifuged (3000 g, 10 min, 4˚C). The pellet containing white cells was treated as follow: Triton X-100 (1%, 10 mL) was added and mixed gently for 5 min. After centrifugation (3000 g, 10 min, 4˚C), SDS (1%, 10 mL) was added and mixed gently for 10 min, NaCl (0.1 M, 10 mL) was added for 10 min followed by 10 mL of cold ethanol. After centrifugation (10,000 g, 10 min, 4˚C), the supernatant was discarded and the DNA was recovered in 500 µL of nanopure water and stored at −20˚C. DNA was also extracted from a 1.4 mL whole blood sample seeded with 100 µL of M. fermentans PG18 for use as a positive control sample.
DNA Extraction from Mycoplasmal Cultures
DNA was extracted from presumptive Mycoplasma-positive cultures as follow: 2 ml of culture were centrifuged (12,000 g, 20 min., 4˚C), the supernatant was discarded and the pellet was suspended in 100 µL of a solution containing: 10 mM Tris-HCl pH 8.3, 100 mM KCl, 2.5 mM MgCl 2 , 1% Tween-20, 1% Triton X-100 and 0.5 mg/mL of proteinase K. Samples were heated at 60˚C for 60 min and immediately brought to 90˚C for 10 min. and then placed in ice bath for 20 min and stored at −20˚C until use.
PCR Assays
Mycoplasma sp. DNA was detected using 16s RNA gene primers AR1 (sense)5'ATGRGGRTGCGGCGTATTA G3' and AR2 (antisense)5'CKGCTGGCACATAGTTAGCCRT-3' according to Shidu et al. [10] . Primers used to identify M. fermentans were RW004 (sense)5'-GGACTATTGTCTAAACAATTTCCC-3', RW005(antisense)5'-GGTTATTCGATTTCTAAATCGCCT-3' [11] and for M. pneumoniae were MP5-1 (sense)5'-GAAGCTTATGG TACAGGTTGG-3' and MP5-2 (antisense)5'-ATTACCATCCTTGTTGTAAGG-3' [12] [13] . Amplification was performed in a total volume of 20 µL containing 10 µL of Pyro Start, 1.3 µL of each primer, 2.4 µL of sterile water and 5 µL of the sample problem. The sample to be analysed was always added last. A diluted lysate of M. fermentans PG18 corresponding to 100 colour-changing units and sterile water were used as positive and negative controls, respectively. Amplification consisted of a 10-min thermal delay step at 95˚C, followed by 40 cycles comprising a 20 s denaturation step at 95˚C, a 1-min annealing step at 62˚C, a 1-min elongation step at 72˚C, and a final 4-min elongation step at 72˚C PCRs. DNA amplification was performed with an automated thermocycler (Techne PC-412). PCR products were anlysed by 2% agarose gels electrophoresis and ethidium bromide staining [10] .
Lipid-Associated Membrane Proteins (LAMPs) Preparation
M. fermentans PG18 pellet from 500 mL of culture broth was suspended in 5 mL of phosphate-buffered saline pH 7.2, 0.015M (PBS) solubilized by adding TX-114 (Sigma Co.) to a final concentration of 2% and incubated at 4˚C for 2 h. To prepare total protein, 2.5 volumes of ethanol were added and the mixture was incubated at 4˚C overnight. Precipitated proteins were pelleted by centrifugation (10,000 g, 20 min, 4˚C) and suspended in 2 mL of PBS. To prepare LAMPs, the TX-114 lysate was incubated at 37˚C for 20 min for phase separation. After centrifugation (10,000 g, 20 min, 4˚C) the upper aqueous phase was removed and replaced with 2 mL of PBS. The solution was stored at −20˚C until use.
Antibody-Specific Immunoblotting Assay
LAMPSs were separated by SDS-polyacrylamide gel electrophoresis (12%) under reductions conditions, transferred onto 0.45-µm nitrocellulose membranes (NC) using a Cleaver Scientific Ltd system. The antibodies were detected by incubating 2 NC strips in each patient's serum diluted 1:100 in PBS at 37˚C for 2 h. Peroxidaseconjugates anti-human IgM or IgG were diluted 1:5000 in PBS and one strip was used in order to detect every one of the antibody class. Peroxidase substrate was prepared according to manufacturer (Sigma Co.) and the bound peroxidase activity was visualized using the incubation of the NC strips for 5 to 20 min. at room temperature.
Statistical analysis
Chi squared test was done in order to compare the presence of mycoplasmas in patients and healthy individuals. Chi squared test was also calculated in order to associate the presence of antibodies in patients and healthy individuals.
Results
Patients
Thirteen patients with ALS were included in the study; all of them had varying duration of the disease and illness severity, duration ranged from one month to 8 years ( Table 1) .
Mycoplasmal Culture
All of the blood samples from patients and healthy individuals were negative for mycoplasma culture in SP4 media with arginine and for aerobic facultative bacteria. Eight blood samples from patients and nine from healthy individuals were considered presumptive positive cultures for Mycoplasma genus in SP4 media with glucose because they changed the colour indicator of the media. Mycoplasmal DNA was identified using AR1 and AR2 genus specific primers in six blood samples from patients and four blood samples from healthy individuals. M. fermentans was identified in all blood samples from patients and in two from healthy individual and Mycoplasma spp. in the other two (Table 2 and Figure 1 ).
Detection of Mycoplasmal DNA by Direct PCR
AR1 and AR2 genus-specific primers, which amplify a 16s RNA gene fragment, were used to detect mycoplasmas in peripheral blood samples. Mycoplasma genus sequence was amplified in 6/13 (46%) blood samples from patients and 4/44 (9%) blood samples from healthy individuals. All blood samples from patients and two from healthy individuals were positive for M. fermentans; the other two from healthy individuals were not identified ( Table 2 and Figure 1) . In order to associate the presence of mycoplasmas or M. fermentans to patients, Chi square was calculated, P < 0.0001 was obtained, suggesting that there is an association between the presence of mycoplasmas to patients with ALS.
Antibody-Specific Immunoblotting Assay
IgM-specific to LAMPs of M. fermentans PG18 was detected in sera from 6/13 (46%) patients with ALS and 3/44 (7%) healthy individuals, while IgG was detected in sera from 4/13 (31%) patients and in sera from 3/44 (7%) healthy individuals ( Table 3 ). Figure 2 shows representative results of immunobloting assay. Chi square was calculated and there was significant difference (P < 0.05) suggesting that there was an association between the presences of antibodies against mycoplasma in patients.
Discussion
Although in the last years, there was progress about understanding the pathophysiology of ALS, diverse factors like genetic mutations, gene mutations implicate defects in protein recycling, nutritional deficiencies, head trauma, environmental toxin, viral and bacterial infections, autoimmune responses, autotoxicity and inflammatory response are involved [5] . Respect to infectious agents, at the present there are not any irrefutable data concerning the involvement of infectious agents in the pathogenesis of ALS, however, mycoplasmas have been involved as possible agents since several studies show their presence in patients with central nervous system diseases [7] - [9] . In this study, we included 13 patients with ALS, 9 male and 4 female, the age ranged between 52 -74 years old with different severity of the disease. There was no association between time of the onset and severity of the disease. Some patients had 3 years since ALS was diagnosed and they show severe incapacity, while others had seven or more years and they do not show severe incapacity. We screened blood samples from patients with ALS and healthy people for aerobic facultative bacteria by culture and for mycoplasmas by culture, direct PCR and immunological assays. All cultures for aerobic facultative bacteria were negative. Mycoplasmas are fastidious bacteria difficult to culture, and identify, so we used Table 3 . Antibodies-specific to LAMPs of M. fermentans by immunobloting assay. culture and direct PCR in order to detect their presence. SP4 media with glucose or arginine were used in order to isolate mycoplasmas, however, only presumptive positive cultures were detected in SP4 medium with glucose, all SP4 medium with arginine were negative. AR1 and AR2 primers have been reported as specific to the Mycoplasma genus, they amplify 16s RNA gene nucleotide sequences of 30 different species [9] . Using these primers Mycoplasma spp. DNA was detected in 46% of patients and 9% of healthy individuals. The identification of species was done using species-specific primers for M. pneumoniae and M. fermentans, we detected M. fermentans in 46% of patients with ALS and in 4.5% in healthy individuals and 4.5% of Mycoplasma spp. Nicolson, et al. 2002, studied two populations of patients with ALS, Gulf War veterans and civilians. They showed the presence of mycoplasmas in 80% of Gulf War veterans and in 9% of the civilians, M. fermentans was the main mycoplasma isolated followed by M. pneumoniae and M. hominis [15] . Flores, et al. 2005 , performed a casecontrol study in which they showed the presence of Mycoplasma spp. DNA in 50% of the patients with ALS and in 10.9% in controls. They did not find statistical difference between the presence of Mycoplasma spp. DNA and severity of the disease [14] . Although other pathogens like Enterovirus, Chlamydia pneumoniae, Borrelia burgdorferi, HIV-I, HTLV-1 have been implicated [7] - [9] , in this study we only searched the presence of mycoplasmas and aerobic facultative bacteria.
Mycoplasmas have the ability to induce non-specific immune and inflammatory responses, because they are able to induce cytokine production, activate monocyte/macrophages, nonspecific polyclonal B and T lymphocytes and glial cells. On the other hand, mycoplasmas are able to avoid immune response by phase or antigenic variation. Lipid-associated membrane proteins (LAMPs) are the major antigens of mycoplasmas [16] . These mycoplasmal antigens have been implicated in some pathogenic effects and as targets of humoral immune response. Infections produced by mycoplasmas tended to chronicity, so the continuous production of nonspecific or specific antibodies can lead to hypersensitivity or autoimmune reaction, which may involve mycoplasmas as triggering or exacerbation agents of rheumatoid arthritis (RA) or systemic lupus erythematosus (SLE). Humoral immune response in patients with diagnostic of ALS against mycoplasmas have been not detected. In this study, we used LAMPs extracted from M. fermentans PG18. IgM antibodies against LAMPs of these strains were detected in 6/13 (46%) patients and in 13/42 (31%) healthy individuals, while IgG antibodies were detected in 4/13 (31%) patients and in 3/42 (7%) healthy individuals. We cannot rule out the possibility that ALS patients have higher levels of antibodies to LAMPs than healthy controls, because it was not possible to get a second blood sample from patients. Antibodies against LAMPs of mycoplasmas have been detected in patients with RA and SLE, although antibodies against LAMPs are serological markers of exposure to mycoplasmas, it is important to be cautious with these results, because there is cross-reactivity to self-antigens due to mycoplasma molecular mimicry of self-molecules [17] . Therefore, studies about the participation of LAMPs of mycoplasmas in human diseases are necessary.
Cytadherence is the initial step in the virulence process of pathogenic mycoplasmas. Other biological activities such as generation of hydrogen peroxide and superoxide radicals, competition for and depletion of nutrients or biosynthetic precursors, existence of capsule-like material and electron-dense surface layers or structures, high-frequency phase and antigenic variation, secretion or introduction of mycoplasmal enzymes into the host cell milieu and intracellular residence could be involved in pathogenesis [18] . The mechanisms involved in damage of motor neurons, glial cell and astrocytes are a large number of methylation changes in patients' genes proved to be involved in Ca++ dynamics, autotoxicity, oxidative stress, neurotrophic factors receptors, ubiquitin protein, xenobiotic detoxification and DNA repair [19] . The contribution of this study was to show the presence of viable mycoplasmas in the bloodstream of patients with sporadic ALS and the presence of antibodies IgM and IgG against LAMPs of M. fermentans, because some biological activities produced by mycoplasmas could be involved in damage to motor neurons, glial cells and astrocytes in patients infected with these microorganisms.
Conclusion
Epidemiological studies of amyotrophic lateral sclerosis are complicated due to variability of signs and symptoms and low incidence, so it is difficult to include a high number of patients. Mycoplasmas are infectious agents involved in several diseases including neurological diseases (rate 50% -80%) [14] [15] . Our results are similar to those reported in the literature regarding the implication of mycoplasmas in ALS, but in this study we also reported the presence of antibodies against LAMPs of mycoplasmas which may be involved in damage of the host cell.
